Introduction to the Worldwide Hydrogeological Mapping and Assessment Programme (WHYMAP)
The availability of, and access to, fresh water is an important issue on the agenda of planners, politicians and executives all over the world. Although there seems to be an abundance of water in global calculations, surface and groundwater resources are increasingly under stress at regional and local scale. A vast majority of all freshwater is found in aquifers, many of them transboundary in extent. In the semi-arid and arid regions of the world, groundwater resources constitute the only reliable water resource for drinking water supply and irrigated food production. However, in spite of the sharply increasing use of aquifers in the past decades, the knowledge about the groundwater in aquifers and its management is still weak in many places. Investments in groundwater schemes are frequently founded on inadequate aquifer information in terms of quantitative data, reliable models and poor monitoring.
In the last decades of the 20th century governments and funding agencies increased exploration for groundwater, due to water shortage problems at local and regional levels. Meanwhile the intensive use of groundwater by farmers for irrigated crop production has now placed groundwater resources under stress. To support sustainable management of aquifers, essential quantitative, national and transboundary information is needed to map, model and quantify the stored volume as well as the average annual replenishment; in addition, the chemistry of groundwater must be fully understood. Further, the vulnerability of groundwater resources to drought, over-abstraction and quality deterioration must be assessed, and the natural functions of groundwater for river runoff and ecosystems support safeguarded.
In order to contribute to the worldwide efforts to better study and manage aquifer resources, UNESCO's International Hydrological Programme as the lead, the Commission for the Geological Map of the World (CGMW), the UNESCO/IUGS International Geoscience Programme (IGCP), the International Association of Hydrogeologists (IAH), the International Atomic Energy Agency (IAEA) and the German Federal Institute for Geosciences and Natural Resources (BGR) launched the Worldwide Hydrogeological Mapping and Assessment Programme (WHYMAP) at the beginning of the new century. WHYMAP aims at collecting, collating and visualizing hydrogeological information at the global scale, to convey groundwaterrelated information in an appropriate way for global discussion on water issues and to give recognition to the invisible underground water resources within the UNESCO Programme on World Heritage. WHYMAP also brings together the huge efforts in hydrogeological mapping at regional, national and continental levels. The consortium is responsible for the general thematic outline and the management of the programme. UNESCO provides financial support for the venture, and BGR provides important resources in terms of manpower, mapping capabilities and data. All partners are committed to supply relevant scientific input.
Close cooperation with the International Groundwater Resources Assessment Centre (IGRAC) is assured through UNESCO, and the WHYMAP data are shared with IGRAC. Furthermore, the Global Runoff Data Centre (GRDC) has become part of the network providing valuable global and regional data sets of surface water systems. Other regional centres, scientific organisations, universities and freelance experts in hydrogeology may also participate in WHYMAP in the future.
The structure of the WHYMAP network is shown in Figure 1 . The WHYMAP Consortium agreed on an iterative approach. This consists in the first instance of providing global data sets of topographic and general hydrogeological information; then, collecting and capturing consolidated, up-to-date information and also, establishing and maintaining a comprehensive Geo-Information System (WHYMAP-GIS) for groundwater relevant data on a global scale as a global network on groundwater. A printed wall map at the scale of 1:25 000 000 should finally be derived from this GIS, together with a digital map server application on the internet and an explanatory booklet with a CD-ROM. 
Activities, achievements and publications

Geological Map
Need for a global map representing the Transboundary Aquifer Systems
For a long time, hydrogeologists and other natural scientists have recognised that man-made boundaries infrequently coincide with structures of aquifer systems. Groundwater flows in such aquifers obeying the laws of hydraulics and crosses international boundaries to discharge into streams or lakes and ensures the stability of aquatic ecosystems especially during droughts. This transboundary and shared nature of aquifers calls for a harmonised approach to resource evaluation, planned exploitation, based on sound modelling, for sustainable management of the resources.
Just as there are many well-known transboundary river basins, there are also less widely recognised transboundary aquifers. Such regional aquifers sometimes extend over large areas and their flow paths, crossing national boundaries, can extend over tens or hundreds of kilometres. The extension of the largest systems known on our planet can even reach over two million square kilometres and can be shared by several countries. With thick saturated sediments of 1000 m and more they form huge underground water reservoirs. Although there could be massive groundwater resources in stock, in arid regions, with little contemporary renewal from rainfall, aquifers can be particularly vulnerable to over-exploitation. Nevertheless, they are mined, just like other deposits of natural raw materials. As the demand for water resources reaches higher levels, particularly the large transboundary aquifers of Northern Africa and the Arab Peninsula that were replenished during the last ice age and contain good quality water are increasingly utilised, since they form the only reliable water resources in the region.
The special edition map on Transboundary Aquifer Systems has been prepared to provide a global overview about the location and regional distribution of the more significant Transboundary Aquifer Systems. Its main audience is expected to be non-specialist map users, mainly decision makers at the political, planning and executive positions in countries where transboundary aquifers are found. The plan to prepare a global map of Transboundary Aquifer Systems was approved during the meeting of the WHYMAP Steering Committee in Paris, April 2005. The stakeholders in that meeting concluded that the map was very useful and timely, because • the strongly increasing withdrawal of groundwater from transboundary aquifers in a particular country could unwillingly affect the resources in the neighbouring countries, unless such maps were available, • the issue of shared, transboundary water resources has started to receive its due attention on the international political agenda, where the emphasis has been on transboundary rivers, and the Transboundary Aquifer Systems map would complement the available information, • governments can be made aware, in order to develop common strategies together with their neighbouring country or countries for the sustainable use of the shared resources, • groundwater is an invisible, hidden resource, and impacts of transboundary groundwater systems are particularly subtle, slow to develop and long-lasting. Therefore the natural groundwater conditions must be made transparent as a basis for good governance of groundwater. The WHYMAP Steering Committee started with the assumption that all major groundwater basins or coherent hydrogeological complexes that are intersected by political borders on the map Groundwater Resources of the World should be considered as potential Transboundary Aquifer Systems. In most cases this was confirmed during the compilation of the global map of Transboundary Aquifer Systems.
Description of the map of Transboundary Aquifer
Systems at the scale of 1:50 000 000
On a global map at a scale of 1:50 000 000 only a selection of features can be represented in order to keep it readable. These features chiefly cover the location and approximate size of regionally important Transboundary Aquifer Systems, symbolised by circles or ellipses. The minimum size is generally in the order of several thousand square kilometres, however the largest ones are about two million square kilometres. In some cases, the circles encompass a number of associated sub-basins, which could not be shown individually.
Solid lines of the circles or ellipses are shown for all Transboundary Aquifer Systems where recent and reliable data on their extent and thickness exists, and where reliable regional hydrogeological models are available or are in an advanced state of preparation, which allow simulations for a sustainable use of the groundwater in each of the sharing countries. In all other cases where such useful and indispensable tools do not exist, the lines are broken. These systems require further up-to-date investigations and transboundary cooperation.
In the background a new version of the Groundwater Resources Map of the World is shown by colour wash. The groundwater basins have been shown in blue colour, and hydrogeologically complex areas with important aquifers in green colour. The intensities of the colour wash decrease from dark blue or green in high recharge areas (generally more than 150 mm per year) to medium blue/green (recharge generally between 150 and 15 mm per year) and to light blue/green where recharge is very little (generally less than 15 mm per year). This latter category is merely suitable for groundwater mining. Brown colour outlines areas with local and shallow aquifers in which relatively dense bedrock is exposed to the surface. In these areas groundwater is limited to the alteration zone of the bedrock that may contain locally productive aquifers.
Orange hatching has been applied in areas where the salinity of the groundwater regionally exceeds 5 g/l. In these places the groundwater is generally not suitable for human consumption, but some livestock may find it drinkable.
Parts of the northern latitudes close to the Arctic are affected by permafrost. Here even the groundwater is generally frozen and unusable for water supply. The boundary of permafrost therefore has been indicated by a green line on the map.
The topographic and surface water features originate from the map Groundwater Resources of the World (Special Edition, 2004) . The course of the rivers and size of lakes have been updated in places. The topographic features shown on the map should allow orientation on the continents. In the first instance, the cities with a population exceeding three million inhabitants were shown, but a number of smaller population centres have been added for the sake of geographic reference. The political boundaries are taken from the global data sets of the Environmental Systems Research Institute (ESRI). The WHYMAP Consortium cannot be made liable for any errors in this data set whatsoever.
Conclusions derived from the map of Transboundary Aquifer Systems thus far
Although the information shown on this first global map of Transboundary Aquifer Systems has to be improved in many places, a number of conclusions can already be drawn: 1. Transboundary Aquifer Systems of sizeable extent exist on almost all continents except for Australia that is not divided into different countries. In many areas of large size countries, e.g. in North America (Canada, U.S.A.), South America (Brazil, Argentina), Asia (China, Russia) the number of Transboundary Aquifer Systems is by nature of definition relatively small, compared to the rest of the world. 2. Many Transboundary Aquifer Systems are located in the semi-arid to arid regions of the world, where surface water is limited and the supply unreliable. Several Transboundary Aquifer Systems form large groundwater reservoirs, however with non-renewable groundwater resources that can be exploited for only limited periods. Such aquifers require a particularly careful mapping, resource evaluation and reservoir modelling, to allow the sustainable use of the precious resources. 3. Detailed information about the groundwater flow systems on either side of the border are a basic requirement for sound groundwater management. Therefore this information should be exchanged among the countries sharing a Transboundary Aquifer System, and there must be a willingness to cooperate in the joint management of the water resources. 4. There are merely very few examples of well-studied Transboundary Aquifer Systems and coherent hydrogeological modelling projects, e.g. in South America (the Guaraní Aquifer System) and North Africa (the Nubian Sandstone Aquifer System, the Northwest Sahara Aquifer System and the Iullemeden Aquifer System). The wealth of Transboundary Aquifer Systems is yet to be studied in detail, which will require important investments in funding regional investigation, drilling and monitoring. This is a particular challenge both to international funding organisations and to national governments. 5. The common study of Transboundary Aquifer Systems is regarded as an important tool to foster regional cooperation in many regions of the world, and the important shared water resources should be adequately capitalised in order to recognise their value for sustainable development of the participating nations. Further conclusions can be drawn from the final map at the scale of 1:25 000 000, which is expected to be issued prior to the UNESCO General Conference in 2007.
Need for improvement
The WHYMAP Consortium, although relying greatly on the knowledge and experience of regional and international experts, would appreciate comments, suggestions and scientific input to help eliminate any shortcomings in the present version and the continuous improvement of the WHYMAP-GIS. Map makers and hydrogeologists experienced in national or regional hydrogeological mapping are invited to contribute to the WHYMAP Programme and provide their regional hydrogeological knowledge for this common endeavour.
The consortium requests that any notes and drafts for the correction of the map should be sent to:
WHYMAP (Dr. W.F. Struckmeier and A. Richts), c/o BGR, Stilleweg 2, D-30655 Hannover/Germany. E-mail: whymap@bgr.de
Paper copies of the map can be purchased at CGMW and UNESCO, or at a charge of 15 EUR from:
Internationales Landkartenhaus, Schockenriedstrasse 44, 70565 Stuttgart, Germany. E-mail: info@ilh-stuttgart. de For additional information on WHYMAP, see www.whymap.org.
